This study investigated the chemical composition of Cyperus esculentus nut and Phoenix dactylifera fruit. The nuts and fruits were purchased as commonly sold in Wukari, Nigeria. They were cleaned, sorted for healthy parts, sun-dried and milled into fine powder. The AOAC, AAS and GC-MS methods were adopted for the proximate, mineral and phytochemical analysis, respectively. The results show that C. esculentus nut is higher in percentage moisture, crude protein, crude fiber and lipid compared to P. dactylifera fruit, while P. dactylifera fruit is higher in percentage dry matter, ash and carbohydrates. C. esculentus nut contain higher level (ppm) of magnesium, manganese, copper, zinc and phosphorus than P. dactylifera fruit. Potassium, sodium, calcium, chromium and iron are more abundant in P. dactylifera fruit. The phytochemical result shows the presence of varieties of chemicals. C. esculentus nut and P. dactylifera fruit contain certain phytochemicals that are food additives and some that are known to possess anti-inflammatory, hypotensive, antimicrobial, antioxidant, lipid moderating properties and immune booster. Both plant materials contain appreciable amount of macronutrients which are very essential for provision of energy and nourishment of human body system. C. esculentus nut and P. dactylifera fruit are recommended in general nutrition.
INTRODUCTION
The use of many plant materials which are consumed raw or processed in different forms before consumption as food in human daily food is already on the increase. Most of these plant materials are widely known to be efficient in treatment and management of different forms of diseases. Many are used to improve human health or immune system. Phoenix dactylifera L, commonly known as Date palm is a member of palm family Arecaceae, and it is one of the major staple crops in Africa and parts of Asia. Date palm grows in many parts of the world. The fruit contains a single seed. It has been reported to grow in South America, parts of the United States, Mexico, Africa and Australia (Al-Harrasi et al., 2014; Hazzouri et al., 2015) . In Nigeria, it is referred to as "dabino" by the Northerners who often sell it at different markets and strategic locations. The fruit is sweet, oval-cylindrical in shape and serve as energy booster. The name (dactylifera) of the species is used to explain the clustered nature (usually referred to as "finger-bearing") of the fruits produced by the plant. The production of the fruits has increased over the years because of its increasing demand and because it is economical. The fruit is believed to possess lots of medicinal properties. The fruits may be eaten alone or in conjunction with other food materials. Date fruit has been reported to be of high nutritional value and also a good source of vitamin B complex (Eoin, 2016) . Therapeutic properties of date fruits, such as anti-proliferative, antibacterial, antioxidant and antifungal have been reported by Al-Alawi et al. (2017) . It is believed to be a good aphrodisiac.
Cyperus esculentus L. (Tiger nut) is an edible tuber crop of Cyperaceae family that produces rhizomes which are usually spherical (Devries and Feuke, 1999) . Tiger nut is used widely in Africa, America, Arabian Peninsula and parts of Europe for human and other animal consumption (Abaejoh et al., 2006; Sanchez-Zapata et al., 2012) . It grows freely and is usually cultivated in Northern Nigeria. In Nigeria, it is called "Aki Hausa" in Igbo, "Aya" in Hausa and "Ofio" in Yoruba. There are two major varieties that are commonly sold in the market: the fresh (yellow/milky colour) and dried (brown colour). These varieties can be processed and eaten in different forms. They can be processed into flavouring agent, milk, yoghurt and other forms of drink (Ezeonu et al., 2016) . It can also be used in preparing livestock feed.
Phytochemical analysis of plant materials helps in revealing the medicinal and pharmacological properties of plant, while proximate composition of plant samples contributes to the overall level of acceptance of plant materials as good sources of food in general nutrition. C. esculentus nut and P. dactylifera fruit are widely eaten in its raw form as food in many parts of the world and also used in preparation of different drinks. They are the major ingredients in the popular nutritious drink in Nigeria known as "Kunun aya." Investigation into the phytochemical, mineral and proximate composition of C. esculentus nut and P. dactylifera fruit will guide in knowing their possible diverse physiological and pharmacological effects as well as the nutritional value and overall acceptance of the plant parts from the users' stand point. This therefore warrants study into the chemical composition of C. esculentus nut and P. dactylifera fruit.
MATERIALS AND METHODS

Plant
C. esculentus nut and P. dactylifera fruit were bought at New Market, Wukari, Nigeria. They were identified at the Biological Science Department, Federal University Wukari, Nigeria. The seeds in the fruits of P. dactylifera were removed and discarded. The plant materials ( Figure 1 ) were sun-dried, milled with manual blender and stored in air-tight containers until required for analysis.
Preparation of plant extracts
Each plant powder was macerated in 70% ethanol for 48 h with occasional shaking, thereafter filtered and the filtrate concentrated to eliminate the ethanol. The crude plant extracts were then used for phytochemical analysis. The percentage protein, lipid, fiber, ash, moisture, carbohydrates and dry matter of both plant materials were determined using the method of AOAC (2010), while the amount of magnesium, calcium, manganese, chromium, copper, zinc, iron, potassium, sodium and phosphorus in both plant samples were carried out using atomic absorption spectroscopy (model AA280FS), product of Agilent Technologies, U.S.A. The temperature and the inert argon gas flow followed were as recommended by the manufacturer.
Determination of phytochemical composition of C. esculentus nut and P. dactylifera fruit.
The phytochemical analysis of ethanolic extracts of both plant materials were carried out using gas chromatography-mass spectrometry (GC-MS). The GC (model no 7890B) and MS Detector (model 5977A) were products of Agilent Technologies, U.S.A. It was equipped with column: Agilent HP 5MS ultra Inert (350°C) 30 m × 250 µm × 0.25 µm. The gas used was Helium (He) with flow: 0.7 ml/min, pressure: 4.4867 psi, average velocity: 30.641 cm/s. The injection volume was 1 ml; inlet temperature 250°C; split ratio 20:1, and split flow 14 ml/min. Oven temperature was 60°C with equilibrating time of 1 min; maximum oven temperature 350°C and total run time 35.857 min. The MS tune type is E1; start mass 50; stop mass 550; threshold 150; acquisition type: scan and frequency (scan/s) 2.9. The constituent phytochemicals were identified after matching the spectra with the mass spectra of reference compounds contained in the database of the National Institute of Standards and Technology (NIST 14) . The amounts of individual chemical components suggested were expressed as area percent comparable to the total peak area.
Statistical analysis
After the proximate analysis, the results were analyzed statistically using ANOVA and Paired-Samples T Test using Statistical Package for Social Sciences (SPSS) version 21. Means for each parameter were compared for significance at p≤0.05 and result presented as mean ± standard deviation (SD).
RESULTS
The result of proximate analysis shows that C. esculentus nut has higher percentage of moisture (4.31 ± 0.11), crude protein (6.06 ± 0.11), crude fiber (10.12 ± 0.28) and lipid (7.46 ± 0.13) compared to P. dactylifera fruit, while P. dactylifera fruit has higher percentage of dry matter (96.95 ± 0.06), ash (1.97 ± 0.02) and carbohydrates (85.10 ± 0.60) compared to C. esculentus nut.
C. esculentus nut contain higher level of magnesium (6.520 ± 0.0006 ppm), manganese (0.084 ± 0.0004 ppm), copper (0.047 ± 0.0002 ppm), zinc (0.763 ± 0.0001 ppm) and phosphorus (2.060 ± 0.0394 ppm) than P. dactylifera fruit. Potassium and sodium are more abundant in P. dactylifera fruit with 7.067 ± 0.0817 and 4.300 ± 0.1225 ppm, respectively. Calcium, chromium and iron are also more abundant in P. dactylifera fruit than in C. esculentus nut.
DISCUSSION
This study shows important chemicals present in tiger nut (Table 3 and Figure 2 ). Some of the phytochemicals are used for discovery of drugs (as starting materials) and also in modern and traditional medicine (Imo and Uhegbu, 2015) . 9-Octadecenoic acid is believed to possess hypotensive effect. It is also associated with increased high-density lipoprotein (HDL) cholesterol and possibly reduced low-density lipoprotein (LDL) cholesterol. Octasiloxane, 1, 1, 3, 3, 5, 5, 7, 7, 9, 9, 11, 11, 13, 13, 15, hexadecamethyl is an organic compound that possess antimicrobial activity (Kumaradevan et al., 2015) . Hexadecane, 1-(ethenyloxy)is a component of essential oil. Hexadecane has been reported to exhibit beta-oxidant, thermogenic and antiinflammatory properties (Callaghan et al., 2009) . A variety of hexadecane, 1-(ethenyloxy)-known as Cis-9-Tetradecenoic acid, heptyl ester is a component of adipose tissue triacylglycerol in human (Jiang et al., 1999) . It has been reported that it may be used for the treatment of prostate cancer due to its cell death inducer and cytotoxic effect (Iguchi et al., 2001) . 9-Octadecenal, (Z)-is a food additive. Oxalic acid, monoamide, n-propyl, dodecyl ester: the conjugate base of oxalic acid (oxalate) is a competitive inhibitor of lactate dehydrogenase, while monoamide is believed to be a neurotransmitter. Its variety known as 2-Ethyl-oxetane is used in drug development, while certain derivatives of it possess antibiotic activity. The properties of these various phytochemical component show that C. esculentus nut (tiger nut) may possess anti-microbial, anti-inflammatory, antioxidant, lipid moderating and immune boosting effects. The vitamin E content of tiger nut is reported to collaborate against "the bad cholesterol" because of its antioxidant effect over fats, which is important for coronary heart disease (Chukwuma et al., 2010) . Tiger nut has also been documented to aid in activating the circulation of blood, prevention of heart disease, treatment of bacterial infection and urinary tract infection (Adejuyitan et al., 2009) .
Certain chemicals present in date fruit (Table 4 and Figure 3 ) possess important properties such as antimicrobial and anti-oxidant. 1-Pyrrolidinecarbonitrile has been reported to exhibit potent anti-hyperglycaemic activity (Villhauer et al., 2002) . Palmitoleic acid possesses anti-apoptotic activity. 2(1H)-Pyrimidinone which is a variety of 1-Pyrrolidinecarbonitrile has been reported to possess antitumor properties (Driscoll et al., 1991) , while (S)-(+)-2-Amino-3-methyl-1-butanol is used for synthesis of benanomicin-pradimicin antibiotics (Tamiya et al., 2007) . Some derivatives of 2-Ethyloxetane have antibiotic activity. 2R,3S-9-[1,3,4-Trihydroxy-2-butoxy methyl] guanine possess antitumour, anti-inflammatory, anti-microbial and anti-oxidant activities (Teoh and Mashitah, 2013) . 5-Eicosene (E)possesses antibacterial property. 2(5H)-Furanone, 5methyl-; propanoic acid, 2-propenyl ester, 2-ethylhexanal; and butanoic acid, 3-oxo-, propyl ester are used as flavouring agents.
Proximate analysis of C. esculentus nut (Tiger nut) showed the percentage abundance of the parameters evaluated to be dry matter (95.70 ± 0.11) > carbohydrates (70.17 ± 0.11) > crude fiber (10.12 ± 0.28) > lipid (7.46 ± 0.13) > crude protein (6.06 ± 0.11) > moisture content (4.31 ± 0.11) > ash content (1.90 ± 0.04). Proximate analysis for P. dactylifera fruit (date fruit) showed the percentage abundance of the parameters evaluated to be dry matter (96.95 ± 0.06) > carbohydrates (85.10 ± 0.60) > lipid (3.57 ± 0.16) > crude protein (3.10 ± 0.13) > moisture content (3.08 ± 0.03) > crude fiber (2.99 ± 0.23) > ash content (1.97 ± 0.02) ( Table 1) . Carbohydrate is very essential for energy provision to animals and also for the nourishment of plants and animals (Edeoga et al., 2005) . The high carbohydrates and lipid content imply that tiger nut and date fruit are good sources of energy. Therefore, they can play vital roles in the sustenance and nourishment of animal body. This is the reason why there is energy gain after their consumption. Date fruit is highly consumed by those who engage in fasting prior to and at the end of their fasting period because of its high energy supply which is as a result of this high carbohydrates content. The carbohydrates are readily hydrolysed to reducing sugar: a good source of ATP generation. Comparative analysis shows that date fruit contains higher amount of carbohydrates than tiger nut, but lower lipid content than tiger nut. These two plant products are commonly used in preparation of a nutritious drink known as "kunun aya" in Northern Nigeria. Their high carbohydrates and lipid content confirm the reason why the drink made from date fruit and tiger nut could quench hunger after consumption and could supply the needed glucose to produce ATP for work. Date fruit has been reported to possess potential health benefits (Chao and Krueger, 2007; Al-Harrasi et al., 2014) .
Tiger nut possesses significant higher fiber content than date fruit. The high fibre content of tiger nut suggests it will aid in the reduction of constipation and can enhance frequent bowel content elimination. However, consumption of high fibre may decrease nutrient utilization, cause intestinal irritation and lower digestibility. This is why excessive consumption of tiger nut may cause stomach discomfort to some consumers. The protein content of tiger nut is almost twice of that in date fruit. Combination of the two plant products in nutrition could complement each other. In biological systems, proteins perform several pharmacological and physiological roles. The protein content of tiger nut suggests it could be a better source of various vital amino acids, but both plant materials can play important role in growth regulation, immunological protection, enzymatic catalysis and general nutrition. This is because protein is required in these processes.
Both fresh plant materials (as commonly sold in the market) show tiger nut possesses higher moisture content than date fruit. The result shows that date fruit will last longer than tiger nut when stored. The moisture content of the fresh tiger nut which is 4.31% may contribute to the reason why it does not have a long shelf life when stored afresh and also why it usually deteriorate fast (within few days). This is believed to be one of the major reasons why some traders process some of the fresh materials into dried form. This helps to preserve and elongate its shelf life by reducing the condition that may permit increased microbial activities which usually result to its deterioration. There is no statistical difference between the ash content of both plant materials, although date fruit has mildly higher ash than tiger nut. The ash content shows the possible corresponding mineral level in date fruit and tiger nut, which have been elucidated in this study. The proximate results show the important need for the use of date fruit and tiger nut in general nutrition.
The mineral analysis showed appreciable levels of the different mineral elements evaluated (Table 2) . Mineral analysis of C. esculentus nut (tiger nut) showed the abundance (ppm) of the different minerals evaluated to be in magnesium (6.520 ± 0.0006) > potassium (5.567 ± 0.1206) > sodium (4.000 ± 0.0866) > calcium (2.155 ± 0.0007) > phosphorus (2.060 ± 0.0394) > iron (1.846 ± 0.0015) > zinc (0.763 ± 0.0001) > chromium (0.201 ± 0.0003) > manganese (0.084 ± 0.0004) > copper (0.047 ± 0.0002) order. The mineral analysis for P. dactylifera fruit (date fruit) showed the abundance (ppm) of the different minerals evaluated to be in potassium (7.067 ± 0.0817) > magnesium (4.922 ± 0.0004) > sodium (4.300 ± 0.1225) > calcium (4.021 ± 0.0006) > iron (2.238 ± 0.0007) > phosphorus (0.980 ± 0.0430) > zinc (0.229 ± 0.0004) > chromium (0.210 ± 0.0007) > manganese (0.051 ± 0.0003) > copper (0.037 ± 0.0002) order.
Mineral elements are inorganic substances which are very necessary for proper immune function and proper Values are mean ± standard deviation (n=3). 1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-hexadecamethyl 50.515 1.530 1,1,3,3,5,5,7,7,9,9, 11,11-dodecamethyl-50.215 0.100 maintenance of some biological processes that are required to sustain the life of human and other vertebrates (Soetan et al., 2010) . The minerals do not yield energy but are essential for vital life processes. They are grouped into two major classes: micro and macro elements. Macro-minerals analysed in tiger nut and date fruit include phosphorus, calcium and sodium, while the micro-minerals include potassium, iron, manganese, copper, magnesium, chromium and zinc. When these essential minerals are deficient in certain animals such as human, it usually predisposes the animal to certain disease conditions. However, if these minerals are taken in excess, they may cause disruption of homeostatic balance and may also induce some dangerous side effects. The moderate levels of sodium and potassium show that consumption of date fruit and tiger nut is suitable for maintenance or regulation of osmotic balance between interstitial fluid and bodily cells. The sodium and potassium level of date fruit is slightly higher than tiger nut. Calcium and phosphorus are required by humans and some other vertebrates in appreciable (large) amounts for proper muscle and nerves function, and also for maintenance and construction of bone and teeth. Phosphorus is also essential since it is a component of nucleic acid and adenosine triphosphate (Soetan et al., 2010) . Consumption of date fruit and tiger nut could help in supplying calcium and phosphorus to the body system for these important functions. Phosphorus content of tiger nut is higher than that of date fruit.
Iron is required in small amount by humans. Its levels in date fruit and tiger nut are low compared to the macrominerals evaluated. This shows the use of date fruit and tiger nut in nutrition could help supply iron which is required for the synthesis of haemoglobin (pigment carrying oxygen) needed for proper functioning of red blood cells and for active cellular respiration. The higher level of iron in date fruit shows it will play these important roles more than tiger nut. The cytochromes are known to require iron as a crucial component.
Magnesium, zinc, manganese, chromium and copper are important micro-minerals required by some enzymes by acting as co-factors required for various biochemical processes or pathways. Although, these micro-minerals are low in amounts (except magnesium) in date fruit and tiger nut. Their levels are moderate in regards to the amounts required by humans, since humans require them in small quantities. The result shows that tiger nut and date fruit could aid the proper function of some enzymes required for certain important biochemical processes. However, adequate caution should be taken in the consumption of foods that contains these minerals, since excess or accumulation of some of the minerals could result to toxicity which could be accompanied with many side effects.
Conclusion
Cyperus esculentus nut contains phytochemicals that function as food additives and some that possess antiinflammatory, hypotensive, antimicrobial, antioxidant, lipid moderating and immune boosting effects. P. dactylifera fruit contains phytochemicals that are food additives and possess important properties such as anti-microbial and anti-oxidant, anti-apoptotic, antitumor and antihyperglycaemic activities. Both plant materials contain appreciable amount of carbohydrates, proteins and lipids which are very essential for energy provision to animals, nourishment of human body system and other vertebrates, repair and replacement of dead cells, worn tissues and hormone production. Mineral elements present in date fruit and tiger nut are very essential for proper immune function and proper maintenance of some biological processes that are required for sustenance of life. Consumption of these plant materials will supply some of the minerals which aid maintenance of homeostatic balance, proper nerves and muscle function, maintenance of bone and teeth, and required by some enzymes as co-factors for various biochemical processes. The use of tiger nut and date fruit is recommended in general nutrition and will help improve human health system.
